The role of thiol oxidation in Cobalt(II)-induced toxicity in hamster lung.
Exposure of lung tissue to Co(II) ions both in vivo and in vitro results in toxicity, a relatively early event of which is the oxidation of cellular glutathione. In this study we have attempted to delineate the relationship between this oxidation of glutathione and the subsequent development of cellular dysfunction. Simultaneous incubation with H2O2 potentiated Co(II)-induced increases in both levels of oxidized glutathione (GSSG) and the activity of the pentose phosphate pathway in hamster lung slices. This effect was initially synergistic and, thereafter, both parameters were maintained at significantly greater levels than with either treatment alone throughout the incubation period until the onset of detectable cellular dysfunction. When dysfunction occurred, however, it was not quantitatively increased by the co-treatment over that occurring with CoCl2 alone. Similarly, pretreatment of slices with the glutathione reductase inhibitor 1,3-bis(2-chloroethyl)-1-nitrosourea (BCNU) potentiated the Co(II)-induced increase in levels of GSSG. However, this effect was again not associated with an enhancement of cell dysfunction. Since the Co(II)-induced cell damage appeared not to be related directly to the oxidation of glutathione, the quantitative significance of the latter was investigated by comparison with the known oxidant tert-butyl hydroperoxide (t-BOOH). At a concentration of 100 microM, t-BOOH caused an increase in the concentration of GSSG in BCNU-pretreated lung slices which was comparable to that after treatment with Co(II)/H2O2 or CO(II)/BCNU. None of these treatments resulted in a loss of protein thiols. Furthermore, in contrast to Co(II), t-BOOH/BCNU treatment did not result in impaired cell functions. However, at a t-BOOH concentration of 250 microM, t-BOOH/BCNU treatment caused a significantly greater increase in the level of GSSG than that caused by the previous treatments and was associated with both a loss of protein thiols and increased cell dysfunction. We have concluded from these data that under our experimental conditions, Co(II)-induced cell dysfunction is not a consequence of oxidation of cellular glutathione. The reason for this appears to be that the extent of glutathione oxidation by Co(II) even at a concentration which induces cell dysfunction is not of sufficient magnitude to result in the oxidation of protein thiol groups, an event which is likely to constitute the critical consequence of glutathione oxidation in the toxic process.